A robust approach for analyzing a heterogeneous structural ensemble.
Intrinsically unstructured proteins (IUP) are widespread in eukaryotes and participate in numerous cellular processes, but a structural explanation of the mechanisms they use to recognize and bind their diverse targets has proved elusive. Transcriptional activator domains are one class of IUP that function by recruiting other factors into basal transcription complexes. Transcriptional activator domains are known to use electrostatic interactions for recognition, but it is unclear how this could be accomplished by a structurally heterogeneous ensemble. To investigate this question, we performed principal component analysis on the atomic contact maps of an experimentally restrained ensemble of the human p53 transcriptional activator domain. This analysis revealed that the ensemble is conspicuously nonrandom and permitted a straightforward identification of persistent structural features and their relative probabilities. It was observed that six predominant long-range contacts are combinatorially arranged in 13 clusters of structures. Potential surfaces of the aligned clusters showed that these contacts uniformly organize the negative charges of the highly acidic p53 transcriptional activator domain on one face of the clusters. This observation provides a structural basis for the recruitment of other factors into basal transcription complexes and further supports the hypothesis that the structural ensembles of IUPs are not random and instead have evolved under selection to maintain specific structural features.